basolaterally-located ion pump, Na + /K + ATPase (NKA) (Richards et al., 2003) . In tilapia, 1 0 7
salmonids, and killifish, two isoforms of NKA, α1a and α1b, are differentially expressed in gill, al., 2009; Tipsmark et al., 2011; Berdan and Fuller, 2012) . In tilapia, NKAα1a expression are governed in a particular environmental salinity rearing regime.
7
Extensive work has provided an understanding of how tilapia in FW and SW adapt to 1 1 8 acute osmotic challenges (Dharmamba et al., 1967; Dharmamba et al., 1973; Ayson et al., 1993 ;
Yada et al., 1994; Heijden et al., 1997; Sakamoto et al., 1997; Shepherd et al., 1999 ; Seale et al., significantly by 6 h, falling further by 24 h to levels that were similar to those of fish reared in 2 3 6 FW ( Fig. 5A ).
3 7
Significant effects of salinity rearing regime (P<0.0001) and time (P<0.01) were of AQP3 expression at 6 h. By contrast, the transfer of TF fish to SW produced a 90% decline in ( Fig 10B) .
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The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT h. The transfer of TF fish to SW was without significant effect on NHE3 expression at 6 h or 24
h, but produced a significant decrease by 48 h. The transfer of SW fish to FW had no significant 2 4 9 effect on NHE3 expression at either 6 h or 24 h after transfer, but produced a 2.5-fold rise by 48
h. The transfer of TS fish to FW produced an increase in NHE3 expression in within 6 h, a rise 2 5 1 that continued to increase to a peak at 24 h before falling to levels observed in FW-reared fish 2 5 2 (Fig. 5C ). The principal objective of the present study was to compare endocrine and changes in salinity on PRL, its receptors as well as on osmoregulatory elements of the gill. This regimes to adapt to a sustained change in salinity. The main findings of this study were that: 1)
rearing fish in a tidally-changing salinity, which more closely represents their natural 2 6 3 environment, significantly improves the ability to survive the transfer to SW compared with that 2 6 4 of FW-reared tilapia; 2) tilapia reared in either SW or a tidal salinity regime easily adapt when 2 6 5 transferred to FW; 3) When transferred to FW, both SW and tidally-reared tilapia, show similar 2 6 6 patterns of change in the branchial mRNA expression of effectors of ion transport measured; and 2 6 7 4) unlike the other effectors of ion transport measured, CFTR and AQP3 mRNA expression 2 6 8 increased and decreased, respectively, more robustly in fish transferred from a tidally-changing 2 6 9 salinity to SW than in FW fish transferred to SW .
In both the current experiment and previous experiments with Mozambique tilapia, it has 2 7 1 been shown that osmolality dramatically increases when fish are transferred from FW to SW. Similarly, the extent of the osmolality increase and survival rate are dependent on the rate at salinity before being transferred to SW, but are unable to survive a direct transfer (Yada et al., 1994; Seale et al., 2002; Breves et al., 2010e; Seale et al., 2012b) . It has been shown through al. , 1994; Seale et al., 2002; Seale et al., 2006b; Seale et al., 2012b) . Recently, we found that
Mozambique tilapia reared in tidally-changing salinities do not change plasma PRL with each 2 9 8
phase of the tidal cycle. This suggests that the PRL-sensitive osmoregulatory elements are
already in action and do not require a "burst" of PRL to be activated. Thus, when exposed to the 3 0 0 6 h FW phase of the tidal cycle, TS tilapia are able to regulate osmolality at 320 mOsmolal,
exactly as do fish maintained in FW (Moorman et al., 2014 ). In the current study, we found that
PRL significantly increased only after TS fish had been held in FW for 24 h, a pattern that was 6 and 24 h post-FW exposure for which an elevation in plasma PRL becomes necessary to 3 0 5 maintain osmotic balance.
0 6
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We also examined the impact of rearing salinity, i.e. FW, SW or tidally varying, on the 3 0 7
responses of gill and pituitary PRLR1 and PRLR2 expression to a change in salinity. It is to be 3 0 8
noted that in this study, that the response of PRLR1 and PRLR2 expression differs not only
according to the direction of salinity transfer, but also between the gill and pituitary. Previous where increases are seen in gill and PRL cells under hyperosmotic conditions (Fiol et al., 2009 ).
In the current study, FW fish transferred to SW decreased pituitary PRLR1 expression, while TF
fish transferred to SW transiently increase PRLR1 expression at 6 h before decreasing.
Conversely, in transfers from both SW and TS to FW, there was a rise in PRLR1 expression at
48 h before subsiding to pre-transfer levels, or lower, by 7 d. By contrast, in gill, the response of
PRLR1 expression to transfers to FW and SW were more pronounced than that in pituitary. This
difference in expression pattern may be related to the differences in the role of PRL between the
pituitary, where it is produced, and gill, a main target for the regulation of effectors of ion 3 2 3 transport.
In both pituitary and gill, PRLR2 mRNA expression increased in FW and TF fish 3 2 5 transferred to SW, although the response from fish reared in a tidally changing environment was
less prominent. This range of responses could be tied to the changes seen in plasma osmolality,
which climb to much higher levels following FW to SW transfers than from TF to SW. We have
previously found that PRLR2 expression in dispersed PRL cells is directly proportional to
increases in medium osmolality (Seale et al., 2012) . The significance of this tight regulation by remodeling of ionocytes required during SW acclimation. Two splice variants have been SW provides an increase in osmotolerance which supports cell survival during the critical time al., 2009). On the other hand, in the pituitary, it has been suggested that PRL secretion may be 3 3 7
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT subject to negative feedback from PRL (Nagahama et al., 1975 proposed that autocrine regulation of PRL cell activity through PRLRs, may serve to fine tune be a mechanism to maintain low plasma PRL levels in a hyperosmotic environment.
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It has been shown that exposing tilapia to an osmotic challenge both increases the mRNA transport within ionocytes. In salmon, NKA α1a expression is higher in FW than in SW and
NKA α1b expression is higher in SW than in FW (Madsen et al., 2009; McCormick et al., 2009) .
This pattern of salinity-dependent NKA isoform expression was also described in tilapia expression in the gill to increase by 1 day in fish that were transferred from FW to SW, our
previous study found that steady-state branchial NKA α1b expression was higher in FW fish
than in SW fish (Tipsmark et al., 2011; Moorman et al., 2014) . While differences in the approach
between both studies have been discussed (Moorman et al., 2014) , the nature of this discrepancy
remains uncertain, as in the current experiment both NKA isoforms changed following a similar 3 6 1 pattern.
Previous experiments have shown that mRNA expression of NHE3 is higher in FW than NKA α1b, and NHE3 decreased more rapidly in fish transferred from FW to SW than in from
TF to SW. This suggests that the rapid decrease in mRNA expression of effectors of ion uptake
was not enough to maintain survival during acute hyperosmotic challenge. By contrast, a close underlie the failure of tilapia to survive an acute transfer to SW.
Consistent with their role in ion extrusion, and in agreement with previous research, we from FW to SW by 6 h, it took 24h for a significant rise in NKCC expression to be observed in
fish transferred from TF to SW. This could be partially explained by the lower baseline expression levels of NKCC in fish in FW relative to those in TF. We have also shown that
NKCC immunofluorescence is maintained at similar intensities between both phases of the tidal 3 7 7
cycle and close to those observed in SW fish (Moorman et al., 2014) . At any rate, NKCC
expression levels were similar between FW and TF fish transferred to SW, but only the fish that
were reared in tidal conditions survived the transfer. By contrast, branchial CFTR expression
changed rapidly and dramatically in from both steady-state and tidal salinities, and in both
directions of transfer, indicating a critical role in acclimating to acute changes in salinity. and appear to be involved in a later response necessary for extended acclimation to a 3 9 1 hyperosmotic environment.
Aquaporin 3 is a member of a family of integral membrane pore proteins that facilitate basolateral membrane of ionocytes in the gill, which is consistent with its proposed role in study using the European eel, Anguilla anguilla, has shown that AQP3 is crucial for maintaining water balance in FW and that when fish are transferred to SW, branchial AQP3 expression is and water balance during salinity acclimation. euryhaline species to adapt to osmotic challenges will expand our understanding of how 4 1 7 environmental salinity modulates osmoregulatory physiology over a fish's life history. absorption was complete. The fish were then combined into one 75 l aquarium, containing FW.
2 7
Two days after yolk-sac absorption they were distributed into eight 75 l glass aquaria supplied
with FW (3 L/min) and stocked at a density of 100 fish per tank (mean weight, 12±1 mg, was not 4 2 9
significantly different between the two replicate experiments). Water temperature was other tanks were maintained under a tidally-changing salinity. As a result, the salinity in eight 4 3 6
tanks was adjusted as follows: two FW, two SW, and four in a tidally-changing salinity.
3 7
The rearing of tilapia in tidally-changing salinities has been recently described (Moorman SW every 6 h yielding a complete salinity transfer within 1.5 h. The fish were maintained in Institutional Animal Care and Use Committee, University of Hawaii. were frozen in liquid nitrogen and stored at -80°C prior to RNA extraction. Total RNA was extracted from frozen gill samples using TRI Reagent according to the The R 2 values and amplification efficiencies for standard curves were as follows, respectively: cycling parameters were employed: 2 min at 50°C, 10 min at 95°C followed by 40 cycles at Plasma osmolality was measured using a vapor pressure osmometer (Wescor 5100C,
Logan, UT, USA). Two forms of PRL, PRL 177 and PRL 188 are produced in the rostral pars (GraphPad, La Jolla, CA, USA). qRT-PCR = quantitative real-time PCR No competing interests are declared. Hawaii Sea Grant publication number UNIHI-SEAGRANT-JC-14-7. in killifish: insight into adaptation and speciation. J. Zool. 287, 283-291. Vertebrates. Amer. Zool. 23, 663-671. disturbed salt and water balance in Mozambique tilapia exposed to confinement and handling restores branchial mitochondrion-rich cells expressing Na+/Cl-cotransporter in Figure 6
